Tree crown architecture: a tool for decay resistance evaluation by Amusant, Nadine et al.
Proceedings IRG Annual Meeting (ISSN 2000-8953)  
© 2013 The International Research Group on Wood Protection 
IRG/WP 13-10793 
 
THE INTERNATIONAL RESEARCH GROUP ON WOOD PROTECTION 
Section 1                                                                                 Biology 
 
 
 
 
 Tree crown architecture: a tool for decay resistance evaluation 
Nadine Amusant1, Jean-Baptiste Anouhé Say2, Amissa Augustin 2,  Jacques Beauchène1,  Florence 
Niamké2, Eric Nicolinni3 
 
1CIRAD, UMR EcoFoG, BP 709, 97387 Kourou, France 
2Laboratoire de chimie des eaux et des substances naturelles (LACESNA), Institut National 
Polytechnique Houphouët Boigny, B.P. 1313 Yamoussoukro, Côte d’Ivoire, 
3CIRAD, UMR AMAP, BP 709, 97387 Kourou, France 
 
 
 
 
Paper prepared for the 44th IRG Annual Meeting 
Stockholm, Sweden 
16-20 June 2013 
 
 
 
 
 
 
 
 
 
 
IRG SECRETARIAT 
Box 5609 
SE-114 86 Stockholm 
Sweden 
www.irg-wp.org
Disclaimer 
The opinions expressed in this document are those of the author(s) 
and are not necessarily the opinions or policy of the IRG Organization. 
2 
 
Tree crown architecture: a tool for decay resistance evaluation 
Nadine Amusant1, Jean-Baptiste Anouhé Say2, Amissa Augustin 2,  Jacques Beauchène1,  Florence 
Niamké2, Eric Nicolinni3 
 
1 Laboratoire de chimie des eaux et des substances naturelles (LACESNA), Institut National 
Polytechnique Houphouët Boigny, B.P. 1313 Yamoussoukro, Côte d’Ivoire, 
2CIRAD, UMR AMAP, BP 709, 97387 Kourou, France 
3CIRAD, UMR EcoFoG, BP 709, 97387 Kourou, France 
France. Tel.: 594 594320960. Nadine.amusant@cirad.fr 
ABSTRACT 
The variability of natural durability contributes to the bad perception of some wood end-users. In 
our search, we need to adjust our methods and strategies to estimate natural durability and 
extract higher value from wood resources. Architectural analysis is essentially a detailed, 
multilevel, comprehensive and dynamic approach to plant development. Numerous biological 
process which impact some wood properties like durability are linked with tree development. A 
better understanding of the interelationship between tree physiology through tree achitecture 
analysis and natural durability could be an approach to predict this property. This study explore 
the relation between the crown architecture, decay resistance and wood extractives in Dicorynia 
guianensis in order to propose tree crown architecture as an evalution decay resistance tool.  
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1. INTRODUCTION 
Some tropical forest species have interesting characteristics like natural durability, which is an 
essential property for wooden constructions in situations with a high risk of fungus and insect 
infestations. However, different wood parts may not have the same natural durability due to the 
intraspecific variability in natural durability. We recently observed this variability in Dycorinia 
guianensis (Cesalpiniacae), an endemic tree species well represented in French Guiana forests. 
This species represents the largest part of the French Guiana wood production in a large range of 
use. It is the first commercial species (M. Bereau et al, 2000). The durability of the wood is 
known to be variable:  durability class 1 to 3 (very durable to moderately durable ; Amusant, 
2004). This high variability has a negative impact for the end- users which could focus on other 
materials than wood although its better ecological interest. 
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In all cases, the variability of natural durability is due to extractives synthesized during 
heartwood formation (Taylor et al, 2002). Heartwood formation is an important physiological 
process in perennial plants as trees. It is the ultimate process leading to the death of living 
sapwood tissues due to internal phenomenon depending on the cycle of tree life involving both 
water mechanical gradients. So factors influencing the allocation of resource between the 
different compartments of tree could have an impact on extractives synthesis (Taylor et al., 
2007). 
Some authors showed the station effect on wood durability which could be due to soil properties 
(Kokutse, 2009). Genetic factors also could not be excluded since different provenances of a 
given species may have different response to edaphic parameters (Fries et al., 2000; Erickson et 
al, 2001). Growth dynamic parameter plays also an important role in the wood durability (Taylor 
et al., 2003), and it is also influenced by the local conditions (Thulasidas et al, 2006). Finally, 
tree crown architecture that could be could be considered as an integrative response of the tree 
individual to local conditions, is showed to be indicative of tree growth dynamic (Rutishauser et 
al. 2010). So we may think that the tree crown architecture considered at an individual level 
could be a suitable indicator of tree wood quality, and natural wood durability particularly. 
The main topic of this study is to gain a better overall understanding of the heartwood formation 
dynamic in relation to decay resistance with Dicorynia guianensis though an architectural 
consideration of the crown structure in different individuals. 
Architectural analysis of plant (Nicolini and Chanson 1999; Lauri and Kelner 2001 ;Hallé and 
Oldeman 1970; Hallé et al. 1978; Edelin 1984; Barthélémy et al. 1989, 1991) can highlight the 
different ontogenetic stages of development from germination to mature stages. This analysis 
consists of a structural description of individuals that have reached various stages of 
development in differing environments (gap or understorey conditions for example). This 
approach involves an a posteriori reconstitution of the crown development of each individual, 
based on the consideration of different parameters as main branch number (also called “reiterated 
complexes”, Hallé et al. 1978) and main branch mortality. Several methods were proposed to 
predict wood decay resistance. Some of them are based on an indirect measure of wood 
extractives content: colorimetry (Kokutse, 2006; Thusalidas et al, 2006), near-infrared 
spectroscopy with Teak (Ballères et al., 2000; Alves et al. 2012). The aim this study was to 
propose the crown architecture analysis with Dicorynia guianensis, as a tool for decay resistance 
evaluation. 
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2. EXPERIMENTAL METHODS  
This study was conducted in the Paracou experimental station (5°18'N; 52°23'W) (O.Flores et 
al., 2006), setting in 1984, in French Guiana. Paracou is located in 40 km West of Kourou, on the 
coast. The climate is equatorial he two main seasons: dry season, from August to December and 
a rainy season, from December to June. Annual precipitation: 3041mm (Gourlet-fleury et al, 
2004).  The primary forest is composed with 550 wood species with a high specific diversity 
(140 -200 species by hectare) and the main family are : Lecythidaceae (17%),  Chrysobalanaceae 
(14%), Caesalpiniaceae (13%) (Sabatier and Prévost, 1990; Favrichon, 1995; Molino and 
Sabatier, 1999). 
 
2.1 Field sampling  
The selection of the trees was oriented in order to obtain a wide variability of the heartwood and 
sapwood area: same ontogenic stage, same class of diameter (25 – 30 cm) but with different 
architectural characters which reflect difference in development dynamic of the trees. These 
parameters are: height of tree, Breast height diameter (cm), crown position (location of an 
individual live crown in relation to the surrounding overstory canopy), size of crown, number of 
main branch, presence of liana. 
2.2 Heartwood sapwood determination  
A disc was preleved at breath height for each tree and it was polished until the annual rings were 
clearly determined and scanned. The heartwood radius (HR, cm), sapwood width (SW, cm), 
xylem radius (HR+SW) were measured from 18 radial directions of each discs and averaged. 
The sapwood and heartwood proportion were determined according to the section at 1.30m.  
2.3 Sampling for decay test and wood extractives contents  
The sampling was carried out directly after harvest. Two twins boards were sawn from each tree,   
including sapwood and outermost heartwood (60 x 50 x 620 mm T, R, L).  “A” boards for decay 
tests and “B” boards for wood extractives content tests. For the two measurement properties, A 
and B were divided in fives zones: outer sapwood, inner sapwood, sapwood-heartwood 
boundary, outer heartwood, inner heartwood.   
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2.3 Decay tests  
2.3.1 Sampling Material 
These bioassays allow us to study the decay resistance against soil microflora after 6 months 
exposure. For each radial position, 6 wood sample tests (2 x 10 x 100 mm, T, R, L) were 
longitudinally prepared and considered as replicate.  The dry masses were measured for the 
entire wood sample tests after an exposition to 103°C in an oven.  The wood samples tests were 
installed in contact with soil according to the procedure described by American Wood Protection 
Association with the standard method AWPA E14-07 (2007) in soil bed. Wood sample tests 
from Virola michelli  a non durable species were used as control in order to control the virulence 
of soil microflora.  
2.3.2 Extractives content   
The wood samples tests from B board were directly stocked at – 18°C until the extraction 
procedure. The wood from each radial position et from each tree were ground to 0.5 mm of size 
of the particles in a Retsch SM 100. 1g of the sawdust from each radial position was extracted 
successively with ethyl acetate (technical grade) and methanol (technical grade) during 14 hours. 
The solvents were respectively evaporated by rotavapor. Three replicates were used for each 
radial position and each tree. The ethyl acetate and methanolic mean content were calculated in 
percentage of the dry mass (three replicates  for each tree, each radial position and solvent).  
 
3. RESULTS AND DISCUSSION  
3.1 Dynamic of heartwood formation  
Table 1 and Fig 1 show the characteristics of the different trees. The tree N°1 is from a plantation 
and showed an important crown (six main branchs), and the lager tree diameter. The proportion 
of heartwood (19%) is also the smaller. Some authors suggested that heartwood formation serves 
to regulate the amount of sapwood to a physiological optimum level (Bamber, 1976) following 
the pipe model theory relating sapwood area to foliage mass (Shinozaki, 1964). This 
phenomenon allows the tree to maintain balance between the conducting zone (sapwood) and the 
assimilation surface. 
Tree n° 2, was also dominant with an important crown and presents high reiterated complex 
which characterizes a good development of the tree. The heartwood proportion is 23%.  The Tree 
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n° 3 showed a reduced crown due to a loss of primary branch (Fig 1). This tree was also covered 
with liana. In these conditions the proportion of heartwood is higher: 41% than Tree N°2.  
Tree n°4, was dominant and subjected to an accidental event leading to a loss of a part of the 
crown. Due to these conditions, this tree presents the higher proportion of heartwood: (98%).  
Priestley (1932) and Harris (1954) suggest that entry and accumulation of air into the wood 
initiates the heartwood formation. The description of the tree architecture in relation to 
heartwood proportion confirms the variability of the dynamic of heartwood formation in 
Dicorynia guianensis.  In conclusion, heartwood and sapwood content vary between and within 
species and have been related to growth rates, stand and individual tree biometric features site 
conditions and genetic control.  
 
Tree  Crown 
position 
Heartwood 
percentage 
(cm) 
Main 
branch 
Height 
(m) 
Tree diameter 
(cm) 
Particularity 
Tree n° 
1 
Co-dominant 
(plantation) 
19 6 26  / 
Tree n° 
2 
Future 
dominant 
23 1 35 31 / 
Tree n° 
3 
Highly 
suppressed 
41 4 27 29 liana 
Tree n° 
4 
Dominant 98 0 18 34 liana 
 
Table 1: Trees characteristics 
 
 
 
 
 
 
 
 
 
 
Figure 1: Tree description in relation to wood section 
1 3 
4 
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3.2 Decay resistance  
The control wood samples from Virola surinamensis valids the bioassay, with a mean mass loss 
of 34% (+6.37). The Figure 2 shows decay resistance of the different part of the stem after 6 
months exposure to the soil microflora. As expected, the heartwood is more resistant than 
sapwood due to the synthesis of extractives in the heartwood-sapwood boundary during 
heartwood formation. These metabolites are implied in the decay resistance. We can observe that 
there is a relation between the decay resistance of wood tissue and the crown architecture which 
gives information about the dynamic development of the tree.  With the most recent heartwood 
(outer heartwood) we observed the following decay resistance ranking:  tree N°4 >tree N°3 > 
Tree N° 2 > Tree N°1. Tree with high development dynamic are less resistant. The Tree N°4 is 
the most resistant; the accidental wound triggered the heartwood formation with a consequence: 
improvement of decay resistance. This event caused an activation of secondary metabolite 
pathways (Magel et al, 1994, Niamké et al, 2012). There is also a gradient of decay resistant in 
the sapwood but there is no relation between tree development and decay resistance.   
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Figure 2: Mean mass losses according to the different radial position (outer heartwood, inner 
heartwood, transition zone, outer heartwood, inner heartwood) 
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3.3 Wood extractives content 
We determined the content of acetate and methanolic extracts with all the trees except the tree n° 
1. The Fig. 3 shows the relation between wood extractives and decay resistance. The tree N°4 
showed the highest content of extractives comparatively to the Tree N°2 and N°3. Tree N°4 
which presents a loss of a part of the crown has synthetized higher proportion of wood 
extractives. There is a correlation between the decay resistance and the content of extractives 
(respectively R² = 0.54; R²= 0.49): higher is the content of extractives higher is the decay 
resistance of the wood against soil microflora. Several study showed the role of extractives in 
decay resistance and their synthesis is activated during heartwood formation (Niamké et al, 
2012). The heartwood of species having naturally durable wood contains extractives that prevent 
attack by wood destroying insects and fungi (Hillis 1987). The amount of extractives present in 
heartwood varies within and among individual trees. Because sapwood extractives differ from 
heartwood extractives, it is assumed that extractives in senescing sapwood also contribute to the 
formation of heartwood extractives (Hillis 1987). 
 
 
 
 
 
 
 
 
Figure 3: Correlations between heartwood extractives and decay resistance in the outermost 
heartwood (Tree 2 ;  ● Tree 3 ; Δ Tree 4). 
 
4. CONCLUSION  
This study allows to show that crown architecture could be used to evaluate de decay resistance 
in Dicorynia guianensis. Tree characterized with high dynamic of growth presents small 
proportion of heartwood. This observation is particularly important because the proportion of 
sapwood is quality criteria for wood industry. These first results showed also that the relation 
between decay resistance and the crown architecture analysis have the potential to enable to 
Tree N°4 Tree N°4 
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classify standing timber based on tree architecture study : higher is the growth development, 
lower is the decay resistance and the content of extractives. Nevertheless, for an application it is 
necessary to extend the study with an important sampling.  
 
5. REFERENCES  
 Alves,  A.M.M., R.F.S. Simões, C.A. Santos, B.M. Potts, J. Rodrigues and M. Schwanninger. 
(2012). Determination of Eucalyptus globulus wood extractives content by near infrared-based 
partial least squares regression models: comparison between extraction procedures", Journal of 
Near Infrared Spectroscopy 20, 275-285. 
                                                                                                                                                      
Amusant, N.,  J. Beauchene, M. Fournier, G. Janin, M.F. Thevenon. (2004). Decay resistance in 
Dicorynia guianensis Amsh.: analysis of inter-tree and intra-tree variability and relations with 
wood colour. Journal: Annals of Forest Science.  61 (4): 373-380. 
 
Baillères, H., P. Durand, (2000). Non-destructive techniques for wood quality assessment of 
plantation-grown teak", Bois et Forêts des Tropiques 263, 17-29.  
 
Bamber R.K., 1976. Heartwood, its function and formation. Wood Science and Technology. 10: 
1-8. 
 
Barthélémy D, Edelin C, Hallé F. (1989). Architectural concepts for tropical trees. In: Holm-
Nielsen LB, Balslev H, editors. Tropical forests: botanical dynamics, speciation and diversity. 
London: Academic Press; pp. 89–100.  
 
Barthélémy D, Edelin C, Hallé F. (1991). Canopy architecture. In: Raghavendra AS, editor. 
Physiology of trees. Chichester: John Wiley and Sons;. pp. 1–20.  
 
Bereau, M., Louisanna, E. Garbaye, J. 2000. Effects of endomyccorhizal development and light 
regimes on the growth of Dicorynia guianensis Amshoff seedlings [experimental approach. 
Annals of Forest Science. 57(7) p. 725-733 
 
Edelin C. L'architecture monopodiale: l'exemple de quelques arbres d'Asie Tropicale. University 
Montpellier 2; 1984. Thesis Doct. Etat.  
 
Ericsson T., Fries A. et Gref R. (2001). Genetic correlations of heartwood extractives in Pinus 
sylvestris progeny tests. Forest Genetics 8(1): 73-79. 
 
Fries A., Ericsson T. et Gref R. (2000). High heritability of wood extractives in Pinus sylvestris 
progeny tests. Canada Journal of Forest Resources 30: 1707-1713. 
 
Gourlet-Fleury S., Ferry B., Molino J.F., Petronelli P., Schmitt L. (2004). Paris : Elsevier. : 
Ecology and management of a neotropical rainforest : lessons drawn from Paracou, a long-term 
experimental research site in French Guiana.  
 
11 
 
Harris, J.M. (1954). Heartwood formation in Pinus radiata (D. Don). New Phytol. 53, 517–524. 
Hallé F. (1978). Architectural variation at specific level of tropical trees. In: Tomlinson PB, 
Zimmermann MH, editors. Tropical trees as living systems. Cambridge: Cambridge University 
Press;. pp. 209–221.  
 
Halle F., Oldeman R. A. A., Tomlinson P. B. (1978). Tropical trees and forests. Springer 
Verlag, Berlin; 441 p.  
 
Hillis, W.E. 1987. Heartwood and tree exudates. Springer-Verlag, Berlin, 268 p. 
 
Kokutse, A.D., A. Stokes, H. Baillères, K. Kokou and C. Baudasse, 2006.Decay resistance of 
Togolese teak (Tectona grandis L.f) heartwood and relationship with colour", Trees 20, 219–
223. 
 
Kokutse A.D., Amusant N., Boutahar N., Chaix G. (2009). Soil property effects on natural 
durability extractives content and colour of teak (Tectona grandis L.f) wood in Togo. 
In : Thibaut Bernard (ed.). Proceedings of the Sixth Plant Biomechanics Conference, November 
16th - 21th, Cayenne, French Guyana. [Cd-Rom]. Kourou : ECOFOG, p. 529-535 
 
Magel E., Jay-Allemand C. et Ziegler H., 1994. Formation of heartwood substances in the 
stemwood of Robinia pseudoacacia L. II. Distribution of nonstructural carbohydrates 
and wood extractives accross the trunk. Trees 8: 165-171. 
 
 Niamké, B.  N. Amusant, D. Stien , G. Chaix, Y. Lozano, A. A. Kadio, N.  Lemenager, D. Goh, 
A. A. Adima, S. K. -Coulibaly, C. Jay-Allemand. (2012). 4', 5’-Dihydroxy-epiisocatalponol, a 
new naphtoquinone from Tectona grandis L.f. heartwood and fungicidal activity. International 
Biodeterioration & Biodegradation. http://dx.doi.org/10.1016/j.ibiod.2012.03.010 
Niamké Florence Bobelé, Kokutse Adzo Dzifa, Adjumané Aimé Kadio, Nicolas Lemenager, 
Christine Baudasse, Sophie Nourissier, Augustin Adima Amissa, Nadine Amusant, Gilles Chaix.  
(2012). Nirs Tools for Prediction of Main Extractives Compounds of Teak (Tectona grandis L.) 
Heartwood. IUFRO CONFERENCE - FOREST PRODUCTS 
 
Nicolini, E., Chanson, B., (1999). La pousse courte feuillée, un indicateur du degré de 
différenciation chez le Hêtre (Fagus sylvatica L.). Canadian Journal of Botany, 77 (11) : 1539-
155 
 
Priestley, J.H. (1932). The growing tree. Forestry. 6, 105–112. 
Rutishauser et al, (2010). Contrasting above-ground biomass balance in a Neotropical rain forest. 
Journal of vegetation science 21, p.672-682 Seydack, A.H.W., Vermeulen, W.J.,  
 
Heyns, H.E., Durrheim, G.P., Vermeulen, C., Willems, D., Ferguson, M.A., J., H., Roth, J., 
(1995). An unconventional approach to timber yield regulation for multi-aged, multipsecies 
forests. II Application to a South African forest. Forest Ecology and Management. 77, 155-168 
Shinozaki K., Yoda K., Hozumi K., Kira T. (1964). A quantitative analysis of plant form - The 
pipe model theory, Basic analyses, Japans Journal of Ecology, 14, p.97-105. 
 
Taylor A.M., Gartner B.M. et Morell J.J. (2002). Heartwood formation and natural durability. 
12 
 
Wood and Fiber Science 34 (4): 587-611. 
 
Taylor, A.M., R. Brooks,. B. Lachenbruch,. J. J. Morrell. (2007). Radial patterns of carbon 
isotopes in the xylem extractives and cellulose of Douglas-fir.  Tree Physiology 27, 921–927. 
 
Thulasidas P., Bhat K.M. et Okuyama T., 2006. Heartwood colour variation in home garden 
teak (Tectona grandis) from wet and dry localities of Kerala, India. Journal of 
Tropical Forest Science 18 (1): 51-54. 
